level in 9%. These data suggest that UWF imaging may improve efficiency of ocular telehealth programs evaluating DR and DME.
The American Telemedicine Association has published evidence-based recommendations for ocular telehealth programs for diabetic retinopathy (DR) (1) . Such programs rely on the acquisition of retinal images to determine the presence and severity level of DR and diabetic macular edema (DME) (2) . Retinal imaging devices are key components of any ocular telehealth program and the current gold standard to evaluate DR is mydriatic stereoscopic Early Treatment Diabetic Retinopathy (ETDRS) protocol 7-standard 30 0 fundus photography (1) . Recently, ultrawide field retinal imaging (UWFI) scanning laser ophthalmoscopes have been shown to compare favorably with ETDRS photography (3, 4) . Even without pupillary dilation, UWFI allows the acquisition of more than double the total retinal surface area captured with dilated ETDRS 7-field photography. The image acquisition time with UWFI has been shown to be less than half that of ETDRS photography, even when the time for dilation is excluded (3) .
Given the potential advantages of UWFI, we conducted a study to compare the efficiency of nonmydriatic UWFI and NMFP in an established, validated ocular telehealth program for DR. Measures of image evaluation time, proportion of ungradable eyes, DR identification rates and DR severity, were evaluated.
Research Design and Methods
The Joslin Vision Network (JVN) is an ocular telehealth program for DR developed at the Joslin Diabetes Center that has been in continuous clinical operation since 1998 (5, 6) . The JVN follows a strict protocol for acquiring nonmydriatic retinal images and for grading and reporting the level of DR. Early JVN programs were developed and deployed through a cooperative agreement with the US Department of field ETDRS standard photography (3, 7, 8) . Both protocols are based on the ETDRS classification and evaluate extent and severity of individual retinal lesions in comparison to ETDRS standard photographs to determine the severity of DR and DME. All images were acquired through undilated pupils. An eye was considered ungradable if there was inadequate photographic quality, or if media opacity made it impossible to determine whether DR lesions were present in the images of that eye. If one or more disc area of retina was visible in an ETDRS defined photographic field and that area was free of the characteristic, it was graded 'no evidence' rather than 'ungradable.' If the characteristic was present in the unobscured part of the field, it was estimated for the entire field. In the absence of definable lesions in the macula, no macular edema was entered even if one image of the stereo pair prevented stereoscopic reading of the macula area. The 
Statistical Analysis
Nonparametric analyses (Wilcoxon rank sums) were used to compare distributions of continuous variables between groups. The Chi square test was used to compare frequencies of categorical variables. When DR severity was evaluated per patient rather than per eye, the more severe level of DR and DME present in either eye was used as the severity present in the patient. If one eye was ungradable, the level of DR and DME present in the gradable eye was considered the level of DR and DME present in the patient. All analyses were performed using SAS (version 9.2; SAS Institute Inc., Carey, NC, USA).
Results
During the study period 7,606 eyes of 3,803 consecutive patients were evaluated. Overall, 3,266 eyes of 1,633 consecutive patients were imaged with NMFP and 4,340 eyes of 2,170 consecutive patients were imaged with UWFI immediately thereafter. The characteristics of both groups are shown in Table 1 . There were no statistically significant differences between groups in age, gender, diabetes duration, ethnicity or insulin use.
Diabetic Retinopathy Severity and Peripheral Lesions
We have previously demonstrated that both imaging modalities have substantial agreement with both ETDRS protocol photography and retinal specialist dilated fundus examination (3, 7, 8) . Using NMFP, 33.8% of patients had DR and 11.9% of patients had potentially vision threatening DR (defined as moderate nonproliferative DR or worse or any level of DME). Using UWFI, the percentage of patients identified with DR and vision threatening DR was 38.4% and 14.5%, respectively ( Table 1 ). The distribution of DR severity in all eyes is shown in Table 2 .
Given the greater retinal area imaged using UWF imaging, we evaluated a Retinal tears were identified by UWFI and confirmed by clinical exam in 2 eyes (0.4%), neither of which was evident using NMFP.
Image Evaluation Time
The median time required to evaluate retinal images using the nonmydriatic fundus photography protocol was 12.8 minutes per patient. In contrast, the UWFI had a median evaluation time of 9.2 minutes per patient, which represents a 28% reduction of image evaluation time (p<0.0001).
Ungradable Rate
The ungradable rate for DR and DME per patient using NMFP in this cohort was 9.9% and 8.8%, respectively. These rates are generally consistent with our previous experience utilizing this method of image acquisition (9-11). The ungradable rate for DR and DME per patient using UWFI in this cohort was 2.9% and 3.9%, respectively.
With UWFI there is a reduction in the ungradable rate per patient for DR of 71% (p<0.0001) and for DME of 56% (p<0.0001). Increasing age was associated with a substantial increase in ungradable rates for both DR and DME for both modalities as shown in Table 3 . Patient ungradable rates using NMFP for DR were 2.6% in patients aged less than 50 years, 10.5% in patients 50 to 70 and 24.6% in patients over 70. In contrast, when using UWFI for DR the ungradable rates were 0.9%, 2.3% and 9.0%, respectively. Results were similar for DME. In all cases, rates were lower for UWFI than NMFP. The ungradable rate per eye for DR and DME is shown in Table 2 .
Conclusions
In ocular telehealth programs for DR, the imaging system is a critical component that directly impacts not only the ability to identify pathology, but also the efficiency and effectiveness of the telehealth program itself. Thus, technological changes to the imaging system can exert considerable influence, particularly in large scale programs.
Data from this comparative cohort study suggest that the adoption of UWFI may potentially improve the efficiency of DR ocular telehealth programs by reducing ungradable rates and image evaluation times. Combined with the identification of retinal lesions that would otherwise not have been observed using standard imaging, the use of UWFI with appropriate reading center protocols might have the synergistic benefits of increased disease detection, reduced ungradable rates and shorter image evaluation times.
Based on prior reports in systematic population based DR telemedicine programs, the ungradable rate using nonmydriatic photography is approximately 20%, with a strong association for increasing ungradable images with increasing age and diabetes duration. This rate is reduced to approximately 4% with mydriasis (12) . In community based programs, the reported rate of ungradable images was 13% in patients aged less than 50 years, 39% in patients between 50 to 70 and 54% in patients over 70 (13) . In the current report, NMFP ungradable rate ranged from 2.6% to 24.6% over this age range (Table 3 ). The ungradable rate for nonmydriatic UWFI was significantly lower, ranging from less than 1% to 9%. Compared to NMFP, nonmydriatic UWFI resulted in a reduction of the ungradable rate for DR by 71% over-all, with 63% to 78% reduction across age groups. This improvement is likely in part due to the improved ability to image through small pupils and media opacities. Additionally, stereoscopic pairs were acquired. The additional image not only provides stereoscopic information but also helps exclude imaging artifacts and permits more complete evaluation when a field is partially obscured. Furthermore, nearly three times more retinal area is visible on UWFI without the need for gaze redirection or multiple images to capture the retinal periphery. The lower ungradable rate and the increased area of the retina imaged with UWFI may account for the 17% and 23% increase in the identification of DR and vision threatening DR, respectively. In addition, peripheral lesions are identified that may suggest a more severe level of DR in 9% of eyes. This observation confirms an earlier report identifying peripheral lesions severe enough to potentially increase the severity level of DR in about 10% of eyes (14) . Furthermore, the observation of an increased rate of DR detection with UWFI is consistent with other published studies (14) .
UWFI also resulted in considerably shorter image evaluation time than NMFP (28% reduction). This finding might be attributable to improved image quality and the need to manipulate and evaluate fewer retinal images. Only 4 images per eye are evaluated using the UWFI protocol as compared to 10 images per eye with NMFP.
Additionally, 27-inch high definition monitors were used to display and evaluate the ultrawide field images as compared with 20-inch monitors for NMFP. This larger monitor size potentially may have resulted in lesser need to manipulate the images since a larger magnified image could be displayed.
In large scale programs, these efficiency savings could be considerable. The JVN program evaluates over 4,000 individuals per year. In this case alone, UWFI might save 240 hours per year in evaluation time, while preventing 560 eyes ungradable for DR and identifying approximately 720 eyes with potentially more severe retinopathy than would otherwise have been recognized. Some programs dilate pupils to obtain adequate grading quality (12) . In these situations, the UWFI approach might obviate the need for dilation while maintaining a comparable ungradable rate. Such an approach would be particularly beneficial in populations where the risk of angle closure is high or where access to specialized eye care is limited.
The cost effectiveness of UWFI was not evaluated in this study and remains an important consideration due to the substantial cost of current UWFI devices which can exceed $100,000. However, given the potential benefits of a substantially lower ungradable rate, decreased image acquisition time, ease of use and increased disease detection, the higher capital outlay for UWFI devices may be offset, especially in large volume telemedicine programs. Furthermore, costs are likely to decrease over time with further technological innovations and market competition.
Another important consideration with any imaging device is the ease of image acquisition. All JVN imagers have preferred using UWFI for telemedicine as compared to the prior nonmydriatic standard field cameras. Image acquisition using the Optos In summary, this study demonstrates for the first time that in a large-scale, well established telemedicine program utilizing standardized image acquisition and evaluation protocols, the implementation of UWFI reduced the ungradable rate by over 71% for DR and 56% for DME to less than 3% and 4% respectively. Furthermore, compared with NMFP, image evaluation time was reduced by 28%. In addition, ultrawide field imaging identified additional peripheral retinal lesions that may suggest a more severe level of DR in 9% of eyes. Generalizing these results to other ocular telemedicine programs needs further evaluation, especially given the rigorous standardized image acquisition and evaluation protocols, and ongoing medical oversight and quality assurance utilized in the JVN environment. However, if replicated in other programs, UWFI might substantially enhance current DR telemedicine programs. Data are N (%); NMFP, nonmydriatic fundus photography; UWFI, ultrawide field imaging; SD, standard deviation; DR, diabetic retinopathy; DME, diabetic macular edema; NPDR, nonproliferative DR; PDR, proliferative DR; Vision Threatening DR is defined as moderate NPDR or worse, PDR or the presence of DME. 
